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Hemodialysis treatment, one of the blood purification therapies, is required for the patients with renal 
dysfunction or malfunction. An arteriovenous fistula is constructed in the forearm of such a patient with 
chronic kidney failure for the hemodialysis treatment. Frequent and appropriate maintenance of the fistula is 
essential because the blood vessels are inevitably damaged by the centesis and the astriction in every 
therapy. We have to prevent its stenosis and occlusion to avoid the turbulent flow stress in blood vessels. 
Therefore, it is important to have a good control over the arteriovenous fistula by detecting these problems 
early. To realize a practical maintenance technique, we have developed a transillumination imaging technique 
to visualize the blood vessel in the fistula. The image was severely blurred due to the strong scattering in the 
body tissue. We applied the deconvolution technique with a point spread function (PSF) to suppress this 
scattering effect. When we assumed the optical parameter of the arteriovenous fistula uniform, the scattering 
suppression by the PSF deconvolution was insufficient. Therefore, in this study, a multi-layer model for the 
arteriovenous fistula was constructed according to its surgical structure. We have newly developed a 
technique to apply the PSF deconvolution layer-by-layer of the multi-layer model with different optical 
parameters. The effectiveness of the proposed technique was examined in the experiments using the model 
phantom that simulated the blood vessel in the fistula. The result of the layer-by-layer deconvolution showed 
better scattering suppression than the previous technique with the PSF for homogeneous scattering medium. 
Through this analysis, the feasibility to attain better spatial resolution in the visualization of the blood vessel 
structure using the proposed technique was verified.   
1. はじめに 
近年，慢性透析患者数の増加が顕著であり，日本
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Fig.2 Principle of transillumination imaging of 
arteriovenous fistula. 
  
























































































ρと深さ d の関数として次式のように与えられる(5)． 
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し，(1)式の PSF を用いて deconvolution することに
より散乱抑制効果が得られることが示されている(6)．
つまり，生体内の吸光部分を負の光源と考えること
により，光像と同様の PSF deconvolution が有効と
なる． 
 
4. PSF の適用による散乱抑制 











光学特性はそれぞれ，脂肪層 ( μs’ = 1.2 mm-1, μa 
= 0.002 mm-1 )(7)，血管壁層 ( μs’= 1.5 mm-1, μa = 
0.15 mm-1  )(8,9)，筋肉層 （ μs’ = 1.0 mm-1, μa = 
0.04 mm-1 ) (10)とした．各々の厚みは，5, 15, 5 mm
である．また血液を想定した吸収体として，血管壁
層の観測側表面から d = 5 mm の深さに，5, 8, 10 mm
角 の 黒 色 塗 装 し た 金 属 棒 を 挿 入 し た ． 
結果の一例として，吸収体が 5 mm 角の場合の透視
像を Fig.5 に示す．Fig.5(a)は実測した光透視画像，
Fig.5 (b)は(a)に PSF deconvolution 処理を適用し
たものである．なお PSF には，散乱媒質の光学特性
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5. 段階的 deconvolution による散乱抑制 
 ここまでは，吸収体周囲の散乱媒質を光学特性均
一と考え，単一の PSF を用いて deconvolution を行
ってきた．上記のように，ある程度の散乱抑制は確
認されたが，その効果は限定的であった．そこで，





そこで，Fig.4 に示す構造に対応した各層の PSF で
段階的に deconvolution することを考えた． 



















Fig.5 Scattering suppression by PSF deconvolution:
 (a) observed transillumination image,  
(b) deconvoluted image with PSF,  













































Fig.7 Scattering suppression by PSF deconvolution for 
cylindrical absorber: 
(a) observed transillumination image,  









































壁層 15 mm 厚，脂肪層 5 mm 厚とした．また血管壁層







血管壁層に相当する PSF を deconvolution した． 
結果の一例として，吸収体の幅 5 mm の場合を



















































Fig.9Effect of layer-by-layer PSF deconvolution for 
scattering suppression: 
(a) observed transillumination image, 
(b) deconvoluted image by previous method, 





















































Fig.10 Analysis for layer-by-layer PSF 
























































の慢性透析療法の現状”, 2015, p. 3.  
(2) 菅谷真之介 他，“人工透析における内シャント
の光イメージング実現のための基礎的検討”, 
信学技報，vol.111, no.423, pp.39-43, 2012． 
(3) 榎本敬宏他，“点拡がり関数を用いた内シャン
ト光イメージング実現のための基礎的検討”， 
信学技報, Vol.114, No．408, 2015,  pp．
105-109. 
(4) 日本光生物学協会編, “光による医学診断”, 
共立出版株式会社, 2001, pp. 37-44.  
(5) K. Shimizu et al., “Improvement of 
transcutaneous fluorescent images with a 
depth-dependent point-spread function,” 
Appl. Opt., vol.44, no.11, 2005, pp.2154-61. 
Fig.12 Analysis for layer-by-layer PSF deconvolution 


















Fig.11 Effect of layer-by-layer PSF deconvolution for 
scattering suppression with cylindrical absorber:
(a) observed transillumination image, 
(b) deconvoluted image by previous method, 
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